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Labor force transitions of doctoral scientists and engineers are crucial to U.S. economic growth and
competitiveness. This InfoBrief introduces a new resource for analysis of change dynamics among this
doctoral workforce, using a longitudinal panel from the Survey of Doctorate Recipients (SDR)." This
data resource offers insights unlike those available via cross-sectional means. For example, in 2015,
U.S.-trained doctoral scientists and engineers under 66 years of age participated in the labor force
worldwide at an exceptionally high rate of 96%.2 Over the 4-year period of 2015-19, their labor force
participation declined gradually to 92% but remained high when compared with the U.S. civilian
population of similar ages (table 1). Retirement was a major reason for leaving the labor force, with 8%
reporting being retired in either 2015, 2017, or 2019. With unemployment rates lower than 2% during
this period, a large majority (87%) of them were employed during all three survey reference periods in
2015,2017,and 2019. However, about 1 in 5 changed their sector of employment over this time (table
2). These and other findings described below are made possible by the ongoing 2015-25 SDR
longitudinal panel (LSDR 2015-25), which is designed to provide information about employment
changes among U.S.-trained science, engineering, and health (SEH) doctorate holders over this 10-year
period.

The LSDR 2015-25 panel includes SEH doctorate holders who were originally surveyed in the annual Survey of Earned
Doctorates (SED) at the time they received their doctoral degree and were subsequently sampled into the SDR in 2015.3
They are now being re-interviewed biennially for information on changes in employment status and other important
transitions in their career pathways. The LSDR 2015-19 data file is the first release of data from this longitudinal study.*
Data for the LSDR 2015-25 panel will be updated with additional information from the ongoing SDR cycles of data
collection in 2021, 2023, and 2025.
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Table 1
Labor force participation and unemployment of U.S. civilian population and LSDR population: 2015-19
(Percent)
Labor force participation Unemployment
Population CPS LSDR? CPS LSDR?
General age range®
2015 76.71 95.80 4.32 1.56
2017 77.41 94.17 3.62 1.70
2019 78.20 91.68 2.97 1.43
Older age range®
2015 63.93 90.32 3.77 1.85
2017 64.52 84.73 3.10 2.54
2019 65.35 76.91 2.57 2.03

CPS = Current Population Survey; LSDR = Survey of Doctorate Recipients longitudinal panel.

@ The LSDR target population consists of approximately 856,000 U.S.-trained research doctorate holders in science, engineering, or health fields who
earned their doctorates before 2014 and were 65 years of age or younger in 2015.

b General age range is 25-64 years for the CPS and all ages for the LSDR.
¢ Older age range is 55-64 years for the CPS and 56—-65 years in 2015 for the LSDR.

Note(s):

Labor force and unemployment statistics of U.S. civilian population are CPS 2015, 2017, and 2019 annual average employment status tables are
available at https://www.bls.gov/charts/employment-situation/civilian-labor-force-participation-rate.htm and at https://www.bls.gov/charts/
employment-situation/civilian-unemployment.htm. CPS definitions for U.S. civilian population and labor force are detailed at https://www.bls.gov/
cps/definitions.htm#population.

Source(s):
National Center for Science and Engineering Statistics, Survey of Doctorate Recipients longitudinal panel 2015-25 (LSDR 2015-19 data file).

Table 2
Changes in employment status among the SEH doctorate holders, by sex, career stage, and visa status: 2015-19

(Number and percent)

U.S. citizens and

All SEH doctorate permanent Temporary visa

Population holders Women Men Early career Age 56-65 residents holders

characteristics Number Percent Number Percent Number Percent' Number Percent Number Percent Number Percent Number Percent

Panel
population

Labor force status at each survey reference period?

856,050 100.0 299,300 100.0 556,750  100.0| 164,250 100.0 235000 100.0 598950 100.0H 257,100  100.0

1.7

1.6

1.3

2.5

gg}";wed N 807300 943 273950  91.5 533350 958 157,050  95.6 208300  88.7 561,000  93.7 246350 958
Employed in

P 792450  92.6 270250  90.3 522200  93.8 157,600  96.0 194050  82.6 548400  91.6 244000  94.9
gg‘fg“e‘j N1 773600  90.4 264950  88.5 508700  91.4 157750  96.0 177,050  75.4 532,500  88.9 241,700  93.8
:i”;g]%'oyed 12,800 15 5400 18 7.400 13 3700 22 3950 17 8450 14 4300
ili";g}';myed 13,700 16 5150 17 8550 15 2850 17 5050 22 9,500 1.6 4200
?:]"zegqg'oyed 11,250 13 3950 13 7300 13 2250 14 3650 16 7850 13 3400

Not in labor 35,950 42 19,900 6.6 16,050 29 3500 21 22750 9.7 29,500 49 6450
force in 2015

Not in labor

. 49,900 5.8| 23,900 8.0 26,000 4.7 3,800 2.3 35900 15.3| 41,050 6.9 8,850
forcein 2017

3.4


https://www.bls.gov/charts/employment-situation/civilian-labor-force-participation-rate.htm
https://www.bls.gov/charts/employment-situation/civilian-unemployment.htm
https://www.bls.gov/charts/employment-situation/civilian-unemployment.htm
https://www.bls.gov/cps/definitions.htm#population
https://www.bls.gov/cps/definitions.htm#population
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Table 2

Changes in employment status among the SEH doctorate holders, by sex, career stage, and visa status:

(Number and percent)

All SEH doctorate

Population holders

characteristics  Number  Percent Number Percent

Not in labor

Women

Men
Number | Percent  Number ' Percent

Early career

R 71,200 8.3 30,400 10.2| 40,800 7.3 4,250 2.6
force in 2019
Retirement status at each survey reference period?
Retired in 21,700 25 8950 3.0 12,800 23 200 0.1
2015
282';“ n 36,450 43 13150 44 23300 42 200 0.1
ggﬁ';ed n 58,300 6.8 20,600 6.9 37,700 6.8 800 0.5
Employment and residency: 2015-1 gb
Not in labor
force at least 87,600 10.2| 39,550 13.2| 48,050 8.6 7,800 4.8
once
Unemployed - 5 /1 3.6 12,200 41 18,200 33 7450 4.6
at least once
Retired at 64500 7.5 22700 7.6 41800 75 950 0.6
least once
Working part
time at least 123,100 14.4| 61,100 20.4 62,000 11.1 18,100 11.0
once
Employed in
2015, 2017, 745,402 87.1 251,200 83.9 494,200 88.8' 150,000 91.3
and 2019
Reside in U.S.
. 730,300 85.3 266,150 88.9 464,150 83.4 138,550 84.4
in2015-19
Reside abroad
. 101,050 11.8 26,300 8.8 74,800 13.4 18,050 11.0
in2015-19
Employment sector changes: 2015, 2017, and 2019°
Changed
employer 143900  19.3 56450 225 87,450  17.7 40200  26.8
sector at least
once
Involuntarily
out of field at 20,1700 2.7 6,450 2.6 13,650 2.8 3,350 2.2
least once
Received
federal 265200 356 91,050  36.2 174150 352 61200  40.8
support at
least once
In non-S&E
occupation at | 189,150 25.4 71,000 28.3 118,150 23.9 28,400 18.9
least once

SEH = science, engineering, and health; S&E = science and engineering.

2015-19

U.S. citizens and
permanent
residents

Temporary visa
holders

Number | Percent Number Percent Number | Percent

Age 56-65
54,250 23.1
20,250 8.6
34,100 14.5
52,000 22.1
60,200 25.6

9,600 41
57,100 24.3
52,100 22.2

169,250 72.0
204,100 86.9
26,650 11.3
32,600 19.3

4,350 2.6
54,900 324
53,050 31.3

58,600 9.8 12,600 4.9
19,100 3.2 2,650 1.0
30,900 52 5,550 22
48,900 8.2 9,400 3.7
69,450 11.6 18,150 71
20,900 3.5 9,500 3.7
53,300 89 11,150 4.3
94,050 15.7 29,050 11.3
513,900 85.8| 231,500 90.0
567,700 94.8| 162,600 63.3
19,350 3.2/ 81,700 31.8
103,600 20.2 40,300 17.4
13,450 2.6 6,650 29
203,500 39.6/ 61,700 26.7
141,550 27.5| 47,600 20.6

8 Labor force and retirement status estimates are for the baseline survey in 2015 and follow-up surveys in 2017 and 2019.
b Selected characteristic was reported at least one time or at all times in each of the three survey reference periods of 1 February 2015, 2017, or

2019.

¢ Change in selected employment characteristic occurred at least once among 745,400 who were employed in all three survey reference periods of

1 February 2015, 2017, and 2019.

Note(s):

The early career doctorate holders are those who earned their doctorates between 2009 and 2013. This subgroup remains in the first 10 years after
earning their doctorate degree during the survey period 2015-19.
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Source(s):
National Center for Science and Engineering Statistics, Survey of Doctorate Recipients longitudinal panel 2015-25 (LSDR 2015-19 data file).

The SDR longitudinal survey data are a new resource for analysis of labor force dynamics and provide information on
topics including the incidence of retirement; researcher mobility; and career changes, especially among recent doctorate
recipients. The data can be used to study patterns over time and detect changes in the characteristics of the target
population at the group and individual level. The longitudinal data are flexible in terms of offering population estimates at
multiple points in time and marking transitions between various starting and ending points within the study period.
Limitations of the data do exist.® For example, duration of unemployment, number of jobs, and other types of transitions
cannot be precisely measured because the current survey instruments collect employment data for only a short reference
period in each survey year.

Changes in Labor Force Status

The first 10 years after earning an SEH research doctorate degree is considered the early career stage of employment. In
the longitudinal panel, doctoral graduates from years 2009 to 2013 were in their early career during the period 2015-19,
and they account for nearly a fifth (19%) of the study population, representing approximately 165,000 doctorate holders.
At the other end of the longitudinal panel are doctorate holders in their later career stage in 2015, comprising a group
aged 56-65 years. More than a quarter (27%) of the study population is in this older group, representing approximately
235,000 doctorate holders. Though job changes may be more common for early career doctorate holders exploring
employment options, transitioning out of the labor force is a more common experience among those in their late career.
Unemployment, in contrast, is uncommon throughout this highly trained SEH doctoral population. Less than 4% of them
reported being unemployed during one or more of the surveys’ reference periods in 2015, 2017, and 2019 (table 2).
Overall, a higher proportion of female doctorate holders (4%) experienced unemployment than their male counterparts
(3%) during the period. This pattern holds true for early career doctorate holders, with more women (6%) than men (4%)
experiencing unemployment.

Not working is generally due to unemployment or being out of the labor force. The incidence of not working was observed
during three survey reference periods between 2015 and 2019, and a higher proportion (16% vs. 11%) of women than men
were not working during at least one of the reference periods (table 2). Not working could be temporary, especially for
those who entered the job market not long ago. Among female early career doctorates, 10% were not working in either
2015 or 2017, but 60% of those previously not working were employed in 2019. In contrast, among male early career
doctorates, a smaller proportion (4%) were not working in either 2015 or 2017, and most of them (82%) were later
employed in 2019.

Employment Mobility

Various aspects of employment mobility can be examined for this panel. For example, employment sector is a
fundamental factor that affects work experience, opportunities, job security, and prestige of a scientific career (National
Research Council 2001). The LSDR 2015-19 data classify the employment sector into eight categories: two educational
sectors (academia and 2-year or pre-college institutions), three industry sectors (for-profit, self-employed, and non-profit),
and three government sectors (U.S. federal, U.S. state and local, and non-U.S. government).® Occurrence of employment
sector changes during 2015-19 was assessed among an estimated 745,400 SEH doctorate holders who were employed
during all three survey reference periods. Overall, 19% of this group experienced employment sector changes. Differences
in the proportion experiencing employment sector changes were observed among subgroups defined by sex, race or
Hispanic ethnicity, doctoral field of study, and U.S. citizenship status (figure 1).
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Figure 1

Employer sector changed at least one time, by selected subgroup: 2015-19

All panel cohort Early career
All H —
Women — —_—
Men A —_—
Black — —_
Other race —_— —_—
Hispanic or Latino —_ —_—
White H —
Asian — —
American Indian or Alaska Native —_—
Psychology — —
Biological and life sciences — —
Health [— —_—
Physical sciences — —
Engineering — —
Social sciences — —
Computer and information sciences — I —
Mathematics and statistics — —_—
U.S. citizen and permanent resident H -
Temporary visa holder = —
0 10 20 30 40 0 10 20 30 40
Percent

Note(s):
The proportions are calculated among those employed for all three survey waves (2015, 2017, and 2019). Error bars indicate the 95% confidence
interval of the proportion who experienced a sector change at least once.

Source(s):
National Center for Science and Engineering Statistics, Survey of Doctorate Recipients longitudinal panel 2015-25 (LSDR 2015-19 data file).

There is a large number of transition patterns observed across all eight sector categories, but 40% were transitions
between sub-sectors within one of the three broad sectors of education, industry, and government. Changes across broad
employment sectors were most common between education and industry (31%), followed by government and industry
(18%), and education and government (9%). Only a small fraction of the changes (3%) involved moving across all three
broad sectors during 2015-19. Early career doctorates seeking a career track in research or teaching often head to
academia. Nearly half (49%) of the early career doctorates who were employed in all three survey waves were working in
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academia in 2015. By 2019, about 9% transitioned out of academia, and about 5% transitioned into academia from
working in non-academia sectors in 2015. The patterns of moving into and out of academia are illustrated in figure 2.
Among early career doctorates employed in academia in 2015, approximately 34% were in a tenure track position and 4%
were tenured. By 2019, only 27% were in a tenure track and 21% were tenured.”

Figure 2

Early career doctorate holders' transitions into or out of academia: 2015-19
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Note(s):

Early career doctorate holders are doctoral graduates from years 2009 to 2013. Academia includes 4-year colleges and universities, medical
schools, and university-affiliated research institutes. The non-academia sector includes all business and government sectors, 2-year colleges, and
precollege institutions. The proportions are calculated among those employed for all three survey waves (2015, 2017, and 2019).

Source(s):
National Center for Science and Engineering Statistics, Survey of Doctorate Recipients longitudinal panel 2015-25 (LSDR 2015-19 data file).

Doctorate holders in SEH fields typically work in occupations closely related to their field of study. However, job market
demand or professional development may motivate occupational transitions into different fields. Overall, 25% of those
employed in all three survey waves worked in a non-science and engineering (S&E) occupation during at least one survey
reference date during the 2015-19 period. The early career subgroup had a lower rate at 19%, while 31% of those 56—65
years of age worked a non-S&E job at least once (table 2).
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Since 2015, the SDR’s population coverage has fully represented internationally residing, U.S.-trained SEH doctorate
holders (Chang and Foley 2017). The mobility of this highly trained population in terms of location of residence can be
studied using the LSDR 2015-19 data. The vast majority (85%) of the panel resided in the United States during all three
reference periods, while 12% resided outside of the United States during all three times (table 2). Overall, about 3% moved
into or out of the United States during this time (see table 1-C in the detailed statistical tables at https://ncses.nsf.gov/
pubs/nsf22326/). Doctoral graduates with a temporary U.S. visa had a substantially higher proportion residing abroad
(32%) during this period (table 2).

Transitioning to Retirement and Part-Time Employment

The LSDR 2015-19 data indicate that only 1% of doctorate holders who were age 55 or younger in 2015 were retired in
2019. This contrasts with a much higher rate of retirement (22%) among those aged 56-65 years. The subgroup of 56—
65-year-old doctorate holders was in their later career in 2015, with 91% having earned their doctorate more than 20 years
earlier. In 2015, while 89% of this group was employed, 1 in 10 was not in the labor force, with most of these individuals
(9%) being retired. The portion of this subgroup who were retired grew steadily over time, increasing to 15% in 2017 and to
22% in 2019. Among 56—65-year-old doctorate holders employed in 2015, 15% had transitioned to retirement by 2019.
Overall, 24% of this age group retired at least one time between 2015 and 2019, accounting for 89% of those who retired
at least one time in the full panel.

The one-time, irreversible transition from full-time employment to complete retirement has evolved, with retirement now
being viewed as a complex process unfolding over time and varying considerably across individuals (Szinovacz 2013). For
those who retired before 2019, the LSDR data currently offers limited information about post-retirement status due to the
short time span (2015-19). About 15% of the subgroup of 56-65-year-old doctorate holders reported being retired in 2015
or 2017. Among these individuals, a majority (84%) remained retired at later points in time and 14% reported employment
post-retirement. For those who first reported retirement in 2017 or 2019, a substantial portion (31%) were not working or
were working part time at some point before the reported retirement.

Results from studies conducted in Europe and the United States suggest that reducing working hours is an appealing
option for partial or gradual retirement among older workers as they approach full retirement, and it has potential for
extending one’s work life (Berg et al. 2020; Cahill and Quinn 2020). Working fewer than 35 hours per week is considered
working part time. In the LSDR 2015-19 panel, 14% of doctorate holders were working part time during at least one survey
reference date between 2015 and 2019. Working part time was more prevalent among female doctorate holders and
minority groups, with 18% of Blacks, 20% of women, and 22% of those aged 56-65 having worked part time at least once
during this period. Changes within the part-time employment rate can be observed for those employed during all three
survey reference periods. For those aged 55 or younger, the part-time employment rate remained steady and unchanged
at about 6%, while the part-time employment rate increased considerably from 14% to 23% among those aged 61-65
(figure 3).


https://ncses.nsf.gov/pubs/nsf22326/
https://ncses.nsf.gov/pubs/nsf22326/
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Figure 3
Proportion of doctorate holders employed part time, by age group: 2015-19
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Note(s):

Percentage of part-time employment is calculated among those employed during all three survey reference periods (2015, 2017, 2019). Part-time
employment is defined as working fewer than 35 hours per week on the principal job. Error bars indicate the 95% confidence interval of the part-time
employment rate.

Source(s):
National Center for Science and Engineering Statistics, Survey of Doctorate Recipients longitudinal panel 2015-25 (LSDR 2015-19 data file).

Data Sources, Limitations, and Availability

The LSDR 2015-25 is designed to be a general doctoral population panel and track the same individuals across points in
time and provide data over a 10-year period, 2015-25. The panel sample was selected from those who were age 65 or
younger and responded to the 2015 SDR, which was the baseline survey. The sample consists of 40,148 individuals who
earned an SEH doctorate from a U.S. educational institution before 1 July 2013 and represents a population of
approximately 860,000 at the baseline. The LSDR 2015-19 data file is the first release of longitudinal data for this panel
and contains survey responses from the SED and three cycles of the SDR (2015, 2017, and 2019). A subset of 3,749
individuals who failed to respond in both 2017 and 2019 was excluded from the LSDR 2015-19, and the remaining 36,399
sample cases were weighted to represent the panel baseline population and account for non-respondents. The panel
sample used in this report excludes 228 individuals who became ineligible for the survey in 2017 or 2019, it and
represents a target population of approximately 856,000 U.S.-trained research doctorate holders in science, engineering,
or health fields.
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In this first release, the LSDR 2015-19 file contains only a subset of 32 variables from each SDR survey cycle. These
variables include the items that are critical to representing a completed SDR questionnaire; hence, they have zero or very
low item missing rates. Missing data that was imputed for prior cross-sectional SDR surveys was retained, and additional
missing data was imputed for sample cases that were non-respondents during one SDR cycle. Also included in the LSDR
2015-19 file are baseline information from the SED that was collected at the time of earning the doctorate, indicators of
survey eligibility and response history, and longitudinal survey weight and replicate weight variables. Summary statistics
from the LSDR 2015-19 are available in a set of statistical tables (https://ncses.nsf.gov/pubs/nsf22326/), and NCSES
grants licenses to securely access the restricted use microdata file (https://ncses.nsf.gov/about/licensing).

One important data limitation of the LSDR 2015-19 is that a one-week reference period each survey cycle was used to
collect most of the employment data, and changes to employment status that occurred between two consecutive survey
reference periods may not be accurately captured by the current survey instrument. Some of the standard longitudinal
measures of employment, such as number of jobs held, length of each job held, and duration of unemployment spells,
cannot be inferred accurately from the LSDR 2015-19 data. All counts of selected events and incidents, such as
retirement, unemployment, and being out of the labor force, are based on data reported for the three reference periods.
Similarly, the number of transitions from one status to another is based only on data associated with the survey reference
periods.
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Notes

1 Descriptions, questionnaires, data tables, and publications of the SDR can be found at https://www.nsf.gov/statistics/
srvydoctoratework/.

2 The population consists of approximately 856,000 U.S.-trained research doctorate holders in science, engineering, or
health (SEH) fields, who earned their doctorates before 2014 and were 65 years of age or younger in 2015.

3 Description, questionnaires, data tables, and publications of the SED can be found at https://www.nsf.gov/statistics/
srvydoctorates/.

4 The LSDR 2015-25 panel is a large sample of 40,148 individuals selected from the SDR 2015 respondents following a
stratified sample design using employment sector reported in 2015, age, indicator of underrepresented race and ethnicity
minority, and sex. The LSDR 2015-25 panel represents the target population of U.S.-trained SEH doctorate holders who
were 65 years old or younger as of 1 February 2015 and earned their doctorates before 1 July 2013. The LSDR 2015-19
data file includes those who responded for both or either one of the follow-up surveys in 2017 and 2019, and it consists of
36,399 doctorate holders.

5 See “Data Sources, Limitations, and Availability” at the end of this report.
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6 The academia sector includes 4-year colleges or universities, medical schools (including university-affiliated hospitals
or medical centers), and university-affiliated research institutes.

7 The changes of tenure status were examined for those who were employed during all three survey reference periods
and worked in academia in 2015.
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